Adherin facilitates sister chromatid cohesion, DNA repair and binding of the cohesin complex to chromosomes. New studies indicate that adherin activity is coordinated with DNA replication and chromosome segregation, and that its dosage is critical for gene expression and human development.
structure. In budding yeast, cohesin binds every 10 kilobases or so along the chromosomes, preferring regions between convergent transcription units [13, 14] .
An attractive model for cohesion is that the cohesin ring encircles DNA so that subsequent replication captures the two sister chromatids within the ring [15] (Figure 1 ). Other possibilities include a 'snap' model in which two cohesin rings bound to the two sister chromatids loop through each other [16] . In either case, establishing cohesion requires opening of the cohesin ring. ATP hydrolysis mutations in the cohesin ATPase domains and scc2 adherin mutations have the same effect: cohesin rings form but fail to bind to chromosomes [17, 18] . This raises the idea that adherins stimulate ATP hydrolysis and ring opening [17] (Figure 1 ). Small amounts of cohesin subunits co-purify with the Scc2/Scc4 adherin complex, indicating that adherin acts directly on cohesin [17] . Recent chromatin immunoprecipitation experiments with scc2 mutants by Lengronne et al. [14] support this idea, because they indicate that cohesin loads at adherin binding sites and translocates away (Figure 1) .
Recent experiments with Xenopus egg extracts by Gillespie and Hirano [6] and Takahashi et al. [19] indicate that binding of adherins to chromosomes is regulated to coordinate sister chromatid cohesion and DNA replication (Figure 1 ). Both groups found that geminin inhibition of Cdt1, an essential component of the pre-replication complex that binds origins of DNA replication, reduced chromosomal association of the XScc2 adherin and cohesin. Moreover, depletion of the XOrc1 component of the origin recognition complex [6, 19] or the Mcm2-7 complex that licenses origins [19] , also blocked adherin binding. In contrast, blocking initiation of DNA replication or origin unwinding with p21 CIP1 [6] or p27 Kip [19] had no detectable effect on binding of adherin and cohesin to chromatin. Dissociation of adherin from chromatin in prophase was blocked by depletion of the cdc2 mitotic kinase, while depletion of polo-like and aurora B kinases, required for prophase dissociation of cohesin, had no effect on adherin binding [6] . It remains to be seen if the protein complexes that bind to replication origins [19] show that the binding and removal of adherin to and from chromosomes are coordinated with replication origin licensing and mitotic entry, which ensures that cohesion and loss of cohesion are properly synchronized with DNA replication and chromosome segregation. This also means, however, that cohesin is bound to chromosomes throughout interphase. Given the sensitivity of homeotic gene expression to small changes in adherin and cohesin dosage, and the devastating developmental consequences of such changes as evidenced by Cornelia de Lange syndrome, it seems likely that additional mechanisms are needed to fine tune interphase adherin and cohesin activity.
